Purpose: Previous studies reported changes in the first metatarsophalangeal (MTP) joint angle in relation with and without weight bearing, but it is unclear whether sesamoid bone of the great toe changes in weight bearing conditions particularly in subjects with hallux valgus (HV). To investigate how weight bearing conditions can affect the position of the medial sesamoid bone (MSB), first MTP joint angle, and second intermetatarsal angle (IMA) in the recruited subjects. Methods: Subjects were recruited 24 with HV and 21 without HV in study. X-rays were taken in the weight bearing and non-weight bearing conditions. The distance of the MSB, first MTP joint angle, and second IMA were measured from the radiographs. Data were analyzed by paired and Independent t-test. The statistical significance level was p< 0.05. Results: In both groups, the first MTP joint angles and the distance of the MSB were significantly smaller, while the second IMA was significantly greater in the weight bearing condition. The difference in the distance of the MSB between the two postures was significantly greater in the group with HV. Conclusion: Weight bearing can affect the first MTP joint angle, second IMA, and position of the MSB; the change in the position of the MSB in weight bearing was greater in the group with hallux valgus. The difference in these variables between weight bearing and nonweight bearing conditions may be considered when measuring HV.
INTRODUCTION
A sesamoid bone is a small oval-shaped bone measuring 5-10 mm in length. 1 There are two located directly below the metatarsal of the great toe. 1, 2 The mobility of sesamoid bones is an important component of the mechanics of the first metatarsophalangeal (MTP) joint, 3 as the main function of the sesamoid bones is to reduce friction between tendons and surrounding rigid structures, and to facilitate gliding movements between adjacent tissues. 4 The medial and lateral sesamoid bones are generally displaced up to 10-12 mm when the first MTP joint is flexed and these changes in turn interfere with the normal mechanisms of the first MTP joint. 5 Commonly, the sesamoid bones are displaced in individuals with hallux valgus (HV), which is defined as a progressive deformity involving lateral deviation of the great toe at the MTP joint that can result in a painful prominence of the medial aspect of the first metatarsal head. 6, 7 The HV was shown high incidence over forty adults. 8 The severity of HV is classified according to the lateral deviation of the first MTP as normal (≤15°), mild (< 20°), moderate (20-40°), and severe (> 40°). 9 HV is characterized by lateral subluxation of the flexor hallucis longus muscle, flexor hallucis brevis, and sesamoid bones. 3, 5 Laterally deviated sesamoid bones lead to reduced plantar flexion of the first MTP joint, because the flexor hallucis longus tendon passes between the sesamoid bones, and the flexor hallucis tion of the sesamoid bones is an important determinant of function of the first ray and thus need to be considered when measuring HV.
12
Many studies have investigated changes in HV based on radiographic assessment. [13] [14] [15] The HV angle and the 2nd to the 5th MTP joint angles differ in HV patients in weight bearing condition when compared with non-weight bearing. 16, 17 Although 
METHODS

Subjects
A total of 45 subjects were included and divided 2 groups (HV group and non-HV group). 24 subjects who were diagnosed with HV (13 men, 11 women) with a mean age of 22. Subjects were excluded from the study if they had any neuromuscular disorder, history of foot and ankle surgery, rheumatoid arthritis, neuropathic diabetes, or tumors. All subjects were informed about the study methods and volunteered to participate.
Experimental methods
All radiographs used in this study were taken by a radiology technologist at an orthopedic clinic using a diagnostic table and X-ray 
Statistical analysis
A paired t-test was used to compare the differences in each variable within the two groups between the weight bearing and nonweight bearing conditions, and an independent t-test was used to compare the differences in weight bearing between the HV and 
RESULTS
Both groups showed significant decrease in the distance of the MSB and the first MTP joint angle. A significant increase in the second IMA (p < 0.05) was found in weight bearing condition compared to non-weight bearing ( Table 1) .
The difference in the distance of the MSB between weight bearing and non-weight bearing conditions was significantly greater in the HV group (-1.44 ± 0.97 mm) than in the non-HV group (-0.88± 1.13 mm) (p < 0.05). However, there were no significant differences between the two groups with respect to the first MTP joint angle (non-HV group = -4.29 ± 6.88°; HV group = -4.69 ± 6.47°) and the second IMA (non-HV group =1.51±1.82°; HV group = 0.87±1.61°) (p> 0.05) ( Table 2 ).
DISCUSSION
Balance of the soft tissues in the great toe is important for normal biomechanics, and the sesamoid bones reflect this balance. 12 In this study, the distance of the MSB from the midline of the first metatarsal bone was significantly shorter in both groups during weight bearing. The HV group had a significantly smaller MSB distance during weight bearing compared to the non-HV group. This reaffirmed that dislocation of the sesamoid bones occurs more frequently in the groups with HV. Grade 1 (< 50% overlap), Grade 2 (>50% overlap), and Grade 3 (no overlap with the sesamoid lateral to the axis). 12 We attempted to use the same method, but accurate measurement was difficult to perform because the axis of the second metatarsal, which was the standard of measurement, shifted in the process of weight bearing positioning.
Reduction in the distance of the MSB from the midline of first metatarsal bone indicates dislocation of the MSB towards the lateral and plantar directions, which alters the function and lengths of the flexor hallucis longus and brevis muscles attached to the sesamoid bones. 6 In a previous electromyographic study, the muscle activity of flexor hallucis longus and brevis was decreased in flexion and increased in adduction in the HV group when compared with the 20 Muscular weakness in the great toe was reported to undermine the normal propulsion mechanism during the toe-off stage of gait. 20 These findings suggest that weight bearing affects the position of the sesamoid bones and altered position of sesamoid bones is associated with soft-tissue imbalance. Therefore, to measure the hallux valgus accurately and functionally, the position of the sesamoid bone should be assessed.
In the present study, both the HV and non-HV groups demonstrated a significant decrease in the first MTP joint angle and a significant increase in the second IMA in weight bearing, which were consistent with the results from previous studies. 16, 17 Although there were no significant differences between the two groups with respect to the first MTP joint angle and the second IMA, the variation amount of the mean value of the first MTP joint angle was large and that of the second IMA angle was small in the HV group compared to the non-HV group. These findings also indicate that the first 
